A 16-plane multiwire proportional chamber is used to accurately measure intensity profiles of heavy ion beams at the Bevalac. An imaging capability has now been developed for the system, allowing for reconstruction of 3-dimensional representation of radiological objects using heavy ion beams.
Introduction
MEDUSA (MEdical Dose Uniformity SAmpler), a 16-plane multiwire proportional chamber has been constructed and used at the Biomedical beam area of the Bevalacl. The 16 chamber planes, each of which has 64 parallel wires placed 4 mm apart, are stacked with their wire directions staggered in such a way that they cover the 180 degree space ( Figure 1 ). When ionizing radiation passes through the chamber, the resulting ionization electrons are collected in each signal wire and stored in the integrating capacitor connected to the wire. The voltage on the capacitor is therefore proportional to the beam intensity over the area of a strip which is centered on the particular wire and extends midway toward the adjacent two wires.
The data collected on the 64 wires of a plane are the line integrals along the wires of the beam intensity. In other words, the data represent the one-dimensional projection of the 2-dimensional beam intensity profile along the direction of the wires of the particular plane. Based directions before it enters the treatment volume. (Figure 2c) indicates that this chamber might also be applied for the imaging of complex objects. Tests to be described below have borne this out.
By adjusting the thickness of an absorber, the unmodified Bragg peak can be placed slightly downstream of MEDUSA. When a wide, flat beam is sent into the device, it will reconstruct a wide, flat beam profile. If an object is introduced in the beam upstream of the chamber, the part of the beam impinging on the object will stop within the object and fail to go through the chamber, thus casting a "shadow" of the object. The images of such shadows are readily reconstructed. Figure 3 is an image of two laboratory tools reconstructed in MEDUSA using a 670 MeV/amu neon-20 beam (range in water is about 32 cm). The image is reconstructed in 384 x 384 pixels, or 6 pixels per 4 mm wire spacing. In the reconstructed image of an edge, the transition from 10% to 90% of pixel values from background to full "shadow" takes about 2 mm. A straight edge is reconstructed to an accuracy of about 1.4 mm, which is about one-third the wire spacing. by an irregular collimator.
Heterogeneous 3-dimensional objects can be imaged using MEDUSA in the following way. If a heavy ion beam with a modified Bragg peak (spread by a spiral ridge filter, for example) is transmitted through a radiological object, only the particles in the portion of the peak that have excess energy after passing through the object will enter the chamber. If modified Bragg peak is shaped in such a way that the dose is a function of the position in the spread peak, then the measured dose downstream of an object in the beam can be translated into the integrated stopping power of the object along the path of the beam ( Figure 4) . In other words, the reconstructed image of a 3-dimensional object using a heavy ion beam with a suitable modified Bragg peak is a 2-dimensional projection radiograph of the object, each pixel of which gives the integrated electron density seen by the beam particles arriving at this pixel's coordinates. The simple phantom shown in Figure 5a represents the human body (lucite, density = 1) with lungs (air space cut out in the lucite), and a spinal column (teflon, density = 2.2). Imaging experiments were performed with the standard neon radiotherapy beam using a 12 cm spread Bragg peak. The phantom was rotated by an equal angular increment between exposures and 16 projections distributed uniformly over 180 degrees were obtained. The reconstructed image of the projection at one of the angles is shown in Figure 5b . Based on these 16 projections, a 3-dimensional reconstruction of the phantom is carried out. Figure 6a slices of the phantom in coronal planes are shown in Figure 6b . An attempt to reconstruct a 3-dimensional representation of the phantom is shown in Figure 6c , which show the teflon column and the two air spaces in the lucite. In these tests, the radiation dose required to produce the 3-dimensional reconstruction using 16 projections is estimated to have been about 2 rad.
These preliminary tests of imaging by MEDUSA were performed using a ridge filter designed for radiotherapy applications. The dose differential obtained using this filter over the spread Bragg peak is less than 40% of the dose at the proximal peak (Figure 4 ). Since the detection of the integrated electron density depends on the transmitted dose, the larger is the dose differential the better is the density resolution of the image. A filter with more suitable Bragg peak spreading for MEDUSA imaging is being developed. The sensitive area of MEDUSA is a circle of a radius of 25.6 cm, which is too small for most human patients. A larger chamber, and probably with finer wire spacings than the current 4 mm, may 2200 Figure 6c . A 3-dimensional representation of the air spaces and the teflon rod of the phantom produced by MEDUSA.
be useful for clinical applications. It will provide a 3-dimensional assessment of the patient anatomy with respect to the treatment beam when the patient is in the treatment position immediately before the treatment. Such information will be very valuable for therapy planning, verification of the plan, patient positioning, and the localization of the treatment volume.
Conclusions
MEDUSA has proven to be a highly useful tool for heavy-ion beam tuning and verification. Its ability to image 3-dimensional objects is investigated for use in verification of radiotherapy patient setups and therapy plannings. Such a system will make it possible to assess the patient anatomy in relation to heavy ion beams with the patient in the treatment position at the time of treatment.
